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Finding All DC Solutions of Nonlinear Circuits Using the Polygonal LP Test and
Narrowing Techniques
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2. 1 LP
n
f(x)
4
= Pg(x) + Qx + s = 0 (1)
x= (x1, x2, · · · , xn)T ∈ Rn n
s= (s1, s2, · · · , sn)T ∈ Rn
P Q n × n g(x)=
[g1(x1), g2(x2), · · · , gn(xn)]T
yi = gi(xi) ai <= xi <= bi gi(xi)
ci, di ci <= yi <= di
Py + Qx + s = 0
ai <= xi <= bi (2)
ci <= yi <= di
i = 1, 2, · · · , n
(1) X = ([a1, b1], · · · , [ai, bi]) yi =
gi(xi) (2)
(2)
X (1) (2)
(2)
(1)
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2. 3 LP
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LP
(ai,gi(ci)),(bi,gi()) Ri
Ri gi(xi) βi,βi
LP
Py + Qx + s = 0 (3)
yi >= Rixi + βi (4)
yi <= Rixi + βi (5)
ai <= xi <= bi (6)
i = 1, 2, · · · , n
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2 LP
x− y 2
xi = xi − ai (7)
yi = yi − γi −Rixi (8)
.
xi <= bi − ai (9)
yi <= βi − βi (10)
xi >= 0 yi >= 0 (11)
xi,yi ,
,
LP
.
2. 5 LP
LPnarrowing
LP xi
xi
Py + Qx + s = 0
ai <= xi <= bi i = 1, 2, 3, · · · , n (12)
ci <= yi <= di i = 1, 2, 3, · · · , n
xi
x∗i (1) (3)
xi
x∗i (1) [ai,x
∗
i )
[x∗i ,bi]
i = 1, 2, 3, · · · , n
xi
xi
Py + Qx + s = 0
ai <= xi <= bi i = 1, 2, 3, · · · , n (13)
ci <= yi <= di i = 1, 2, 3, · · · , n
LP
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3. 1 LP
LP (3) (6)
y¯j = yj −Rjxj j = 1, 2, · · · , n (14)
(3) (14)
P y¯ + Q¯x + s = 0 (15)
Q¯
Q¯ =

Q11 + P11R1 · · · Q1n + P1nRn
...
. . .
...
Qn1 + Pn1R1 · · · Qnn + PnnRn
 (16)
(12),(13) (14)
y¯i >= βi (17)
y¯i <= βi (18)
(15),(17),(18) LP
P y¯ + Q¯x + s = 0 (19)
ai <= xi <= bi i = 1, 2, · · · , n (20)
βi <= y¯i <= βi i = 1, 2, · · · , n (21)
LP
,
3. 2
dy
dx
= lim
∆x→0
f(x+∆x)− f(x)
∆x
(22)
(22)
dy
dx
= lim
∆x→0
f(x)− f(x−∆x)
∆x
(23)
dy
dx
= lim
∆x→0
f(x+∆x)− f(x−∆x)
2∆x
(24)
(24)
d2y
dx2
=
d
dx
dy
dx
=
d
dx
f
′
(x)
= lim
∆x→0
f
′
(x+∆x)− f ′(x−∆x)
2∆x
(25)
(22) (23)
lim
∆x→0
f(x+∆x)−f(x)
∆x − f(x)−f(x−∆x)∆x
2∆x
(26)
lim
∆x→0
1
∆x2
(
f(x+∆x)− f(x−∆x)
2
− f(x)
)
(27)
(27) f
′′
(x) > 0 f(x) f(x + ∆x)
f(x − ∆x) f ′′(x) < 0
f(x) f(x + ∆x) f(x − ∆x)
f
′′
(x) = 0 f(x) f(x +∆x) f(x −∆x)
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4.
C ( ) CPLEX
Dell Precision T7400(CPU:Intel Xeon 3.4GHz)
LP
1
LP 2
LP
4. 1
n
n
2.5x3i − 10.5x2i + 11.8xi − i+
n∑
j=1
xj = 0 (28)
i = 1, 2, · · · , n
([−10, 10], · · · , [−10, 10])T
1 2
1 (s)
n 1 2
100 1 1 1
200 8 9 9
300 27 25 30
400 73 63 81
500 252 160 182
600 508 304 318
700 592 406 370
800 1498 892 918
900 3360 2154 1976
1000 4482 3122 2746
2
n 1 2
100 27 21 27
200 31 33 31
300 27 25 29
400 35 27 27
500 31 29 31
600 27 27 27
700 17 17 17
800 27 27 27
900 41 39 41
1000 39 37 39
4. 2
2nxi − (
n∑
j=1
x3j + i) = 0 (29)
i = 1, 2, · · · , n
([−2.5, 2.5], · · · , [−2.5, 2.5])T
3 4
5.
3 (s)
n 1 2
100 0.24 0.25 0.24
200 2 2 2
300 7 10 7
400 19 27 20
500 62 96 61
600 139 177 143
700 250 291 251
800 403 495 408
900 592 741 599
1000 831 1023 830
4
n 1 2
100 9 7 9
200 9 7 9
300 9 7 9
400 9 7 9
500 9 7 9
600 9 7 9
700 9 7 9
800 9 7 9
900 9 7 9
1000 9 7 9
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